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FOREWORD 

This  bulletin  presents  a  report  of  some  of  the  results  obtained 
in  the  research  program  on  anthracite,  sponsored  jointly  by  the 
Commonwealth  of  Pennsylvania  and  the  Anthracite  Institute,  un¬ 
der  Act  No.  392  of  the  1939  General  Assembly  and  carried  out  in 
Pennsylvania’s  School  of  Mineral  Industries  and  Experiment  Sta¬ 
tion  under  the  supervision  of  the  State  Department  of  Mines. 

The  anthracite  and  bituminous  coal  industries  form  the  key¬ 
stone  of  Pennsylvania’s  industrial  development.  Together  they 
have  carried  a  large  share  of  the  burden  of  the  State.  For  more 
than  a  decade  they  have  been  harassed  by  economic  conditions  and 
have  suffered  from  declining  markets  and  loss  of  revenue.  The 
present  program  of  research  was  initiated  in  the  belief  that  re¬ 
search  was  one  means  of  alleviating  the  situation. 

For  various  reasons  the  work  did  not  get  under  way  in  full  force 
until  the  second  quarter  of  the  biennium.  Since  that  time  excellent 
progress  has  been  made  on  both  the  anthracite  and  bituminous 
coal  research  programs.  Further  reports  of  progress  on  the  differ¬ 
ent  phases  will  be  presented  to  the  citizenry  from  time  to  time. 

The  anthracite  program  consists  of  two  projects.  One  of  these 
relates  to  the  study  of  the  use  of  large  sizes  of  anthracite  for  the 
generation  of  water  gas.  The  second  is  concerned  with  the  manu¬ 
facture  of  active  carbon  from  anthracite.  In  the  course  of  the  study 
of  the  first  project  it  became  apparent  that  a  laboratory  study  of 
the  behavior  of  anthracite  on  exposure  to  high  temperatures  had 
first  to  be  investigated.  The  present  bulletin  shows  the  results  of 
this  investigation. 

During  the  past  year  successful  experiments  have  been  carried 
out  in  two  city  gas  plants.  The  results  of  these  experiments  will 
be  reported  in  two  subsequent  bulletins. 

It  is  most  fortunate  that  these  studies  were  instituted  when  they 
were,  since  their  results  are  important  from  the  standpoint  of 
national  defense.  The  use  of  anthracite  for  generator  fuel  is  lead¬ 
ing  to  further  studies  on  anthracite  as  a  cupola  fuel.  Coke  can  be 
released  for  blast  furnace  utilization  since  anthracite,  when  prop¬ 
erly  used,  is  eminently  successful  as  a  generator  fuel  in  water  gas 
manufacture.  Further  investigations  should  lead  to  other  forms 
of  utilization. 

This  program  is  an  excellent  example  of  the  much  desired  co¬ 
operation  between  industry  and  government.  It  makes  full  use  of 
the  special  facilities  of  the  Commonwealth’s  Land  Grant  College. 
The  Industry,  the  Commonwealth,  and  the  College  will  all  gain 
through  such  a  program. 

Richard  Maize 
Secretary  of  Mines. 


INTRODUCTION 


PRIOR  to  1920,  an  appreciable  tonnage  of  the  generator  sizes  of 
anthracite — grate,  broken,  and  egg — found  a  ready  market  as 
fuel  for  the  production  of  water  gas,  and  for  the  peak  year  of  1919, 
well  over  one  million  tons  of  these  sizes  were  used  by  the  water- 
gas  industry.  This  tonnage  fell  precipitously  during  the  1920’s  and 
reached  a  minimum  of  approximately  33,000  tons  in  1932.  During 
the  past  decade  slight  gains  have  been  made  by  the  industry  in 
regaining  this  market,  but  the  peak  of  82,000  tons  supplied  to  the 
water-gas  industry  in  1939  is  still  far  short  of  the  former  consump¬ 
tion  and  represents  but  slightly  more  than  5  per  cent  of  the  total 
solid  generator  fuel  used  throughout  the  normal  anthracite  mar¬ 
keting  territory. 

Numerous  causes  contributed  toward  this  loss  of  the  generator 
fuel  market,  among  which  may  be  mentioned  the  labor  difficulties 
of  the  early  twenties,  lack  of  uniformity  of  product,  lack  of  in¬ 
terest  in  the  market  on  the  part  of  producing  companies,  and  excess 
coke-producing  facilities  engendered  by  the  war  effort  of  1916-18. 
At  the  present  time,  however,  these  causes  no  longer  exist  and 
given  the  necessary  technical  information  the  industry  is  in  a 
favorable  position  to  regain  at  least  a  portion  of  the  lost  market. 

In  an  endeavor  to  secure  this  technical  information,  a  co-opera¬ 
tive  research  program  was  started  in  October  1939  at  The 
Pennsylvania  State  College  under  the  joint  sponsorship  of  the 
Commonwealth  of  Pennsylvania  and  the  anthracite  industry.  This 
program  had  as  its  objective  a  study  of  the  use  of  anthracite  in 
gasification  processes,  and  especially  as  generator  fuel  for  the 
manufacture  of  water  gas. 

Before  initiation  of  any  experimental  work,  a  field  survey  was 
made  to  determine,  if  possible,  those  properties  and  characteristics 
of  anthracite  which  are  of  major  importance  to  the  water-gas  in¬ 
dustry.  Many  plants  were  visited  and  water-gas  operators  inter¬ 
viewed.  Several  plants  in  Pennsylvania  were  found  to  be  using 
anthracite  regularly  as  generator  fuel  with  excellent  results  and 
several  operators  were  found  who  considered  anthracite  to  be  a 
superior  fuel  for  this  purpose.  Other  operators  were  found,  how¬ 
ever,  who  questioned  the  ability  of  anthracites  to  withstand  satis¬ 
factorily  the  combination  of  thermal  and  mechanical  shock  to 
which  a  fuel  is  subjected  in  a  modern  water-gas  machine. 

As  a  result  of  this  survey,  it  was  decided  that  a  study  should  be 
made  of  the  mechanical  and  thermal  stability  of  a  variety  of  an¬ 
thracites  in  an  endeavor  to  clarify  the  situation  with  respect  to 
possible  decrepitation  of  this  fuel  in  a  water-gas  generator.  Al¬ 
though  several  other  phases  of  the  water-gas  project  are  being 
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investigated,  including  full-scale  tests  in  plants  using  both  the  light 
and  heavy  oil  processes,  the  present  paper  deals  primarily  with 
studies  which  have  been  completed  on  the  stability  of  anthracite 
under  conditions  of  shock  comparable  to  those  experienced  by 
generator  fuel. 

Literature  Survey 

Determination  of  the  size  stability  toward  mechanical  shock  is  a 
well-established  procedure  and  requires  no  extensive  review  of 
the  literature  pertaining  thereto.  In  1923  a  standard  method  of 
determining  the  size  stability  of  coke1  was  established  by  Com¬ 
mittee  D-5  of  the  American  Society  for  Testing  Materials,  and  in 
1937  a  tentative  procedure  was  adopted  by  the  same  committee  for 
use  on  coal2.  Briefly,  the  method  consists  of  dropping  a  50-pound 
charge  of  the  material  to  be  tested  from  a  height  of  6  feet  in  a 
definitely  prescribed  manner  onto  a  cast  iron  or  steel  plate.  For 
coke,  four  such  drops  are  prescribed  and  for  coal,  two  drops.  The 
material  is  then  screened,  using  for  coke  square-mesh  openings 
and  for  coal  round-hole  screens,  to  determine  size  degradation.  The 
results  may  be  expressed  in  terms  of  the  percentage  of  material 
remaining  upon  a  screen  of  given  opening  or  as  size  stability  de¬ 
fined  as  follows: 

Size  stability  = 

where 

s  =  2  (Average  screen  opening  factor)  x  (Percentage  by  weight 
after  shatter  between  the  screen  limits  for  which  the  size  factor 
is  obtained). 

S  =  2  (Average  screen  opening  factor)  x  (Percentage  by  weight 
before  shatter,  between  the  screen  limits  for  which  the  size  factor 
is  obtained). 

In  regard  to  the  size  stability  of  anthracite  toward  thermal  treat¬ 
ment,  examination  of  the  technical  literature  reveals  a  surprising 
dearth  of  information.  That  this  factor  was  of  interest  to  water-gas 
operators  as  early  as  1906  is  revealed  by  “Answers  to  Fourth  Series 
of  Questions,  Section  1908,  Practical  Class,  American  Gas  Light 
Association”3  where  the  following  statement  appears:  “The  quan¬ 
tity  of  gas  that  can  be  made  depends  largely  upon  the  amount  of 
fixed  carbon  in  the  coal  (anthracite)  and  also  upon  the  hardness 
and  ability  to  withstand  handling  and  weight  of  fuel  above  it  in 
the  generator  without  breaking  up  into  small  pieces.  The  rate  at 
which  gas  can  be  made  is  influenced  by  the  ability  of  the  coal  to 


^.S.T.M.  Standards  on  Coal  &  Coke,  D141-23  (1923). 

2A.S.T.M.  Standards  on  Coal  &  Coke,  D440-37T  (1937). 

3Proc.  Am.  Gas  inst.,  1,  128  (1906). 
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resist  crushing  without  which  the  fire  cannot  be  kept  in  good  con¬ 
dition  for  gas  making . ” 

Pines4  has  studied  the  “cracking”  of  anthracite  when  heated  to 
850-900°  C  by  means  of  X-ray  technique,  and  concludes  that  “crack¬ 
ing”  is  due  to  the  presence  of  inclusions  in  the  coal  which  causes 
cleavage  to  occur  under  the  conditions  of  temperature  and  pres¬ 
sure  found  in  blast  furnaces.  Blayden,  et  al/J  likewise  using  X-ray 
technique,  studied  the  crystalline  growth  of  Welsh  and  Southern 
Field  anthracites  when  gradually  heated  to  a  temperature  of 
2000°  C  and  reports  that  up  to  700°  C  the  process  is  primarily  one 
of  aromatization  and  consists  essentially  of  lateral  extension  of  the 
planes  of  the  graphite  crystallites.  With  Pennsylvania  anthracite 
the  layers  started  lateral  growth  at  the  expense  of  the  number  of 
planes  beginning  about  400°  C  and  continued  growth  up  to  a  tem¬ 
perature  of  900°  C.  Evidence  was  obtained  of  anisotropic  expansion 
between  the  layers  of  the  graphite  crystallites  tending  to  disrupt 
the  structure.  The  authors  suggest  that  this  disruption  may  account 
for  the  phenomenon  of  decrepitation  and  may  possibly  be  ex¬ 
plained  as  resulting  from  liberation  of  hydrogen  ions  adsorbed 
between  the  layer  planes  of  the  graphite  crystallites.  This  explana¬ 
tion  is  supported  by  evidence  that  gas  evolution  and  disruption 
occur  over  the  same  temperature  range  of  500  to  900°  C.  Above 
900°  C  thermal  recrystallization  sets  in  with  increase  of  the  graph¬ 
ite  crystallite  perpendicular  to  the  planes,  but  apparently  with  no 
further  disruption  of  the  relative  position  of  the  planes. 

Miroshnichenko'1 *  and  Skomorochov7  described  the  results  of  slow 
heating  of  Russian  anthracites  over  a  period  of  about  18  hours  up 
to  temperatures  of  about  1400°  C  and  the  production  thereby  of 
what  they  term  “Thermoanthracite.”  This  material  has  a  reduced 
water  and  volatile  matter  content  and  is  reported  to  be  consider¬ 
ably  higher  in  resistance  to  compression.  Increases  as  high  as  300 
per  cent  are  reported  by  Miroshnichenko.  Nothing  is  stated,  how¬ 
ever,  regarding  the  stability  of  the  product  toward  mechanical 
shock. 

It  appears,  therefore,  that  although  attempts  have  been  made  to 
determine  the  cause  of  decrepitation  and  to  a  limited  extent  to 
eliminate  this  phenomenon,  no  published  information  appears  to 
be  available  which  describes  a  satisfactory  method  for  evaluating 
this  characteristic. 


4Pines,  B.,  Domez,  No.  1  &  2,  41-7  (1932). 

5Blayden,  H.  E.,  Riley,  H.  L.,  and  Taylor,  A.,  Am.  Chem.  Soc.,  62,  180  (1940). 

8Miroshnichenko,  G.  K.,  Vestnik  Standertizatsii  13  No.  11,  5,  No.  12,  7  (1938). 

’Skomorochov,  S.  A.,  Norostic  Tekhniki  7  No.  7,  36  (1938). 
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REPORT  ON  THE  DECREPITATION  OF  ANTHRACITE 
RESULTING  FROM  THERMAL  AND 
MECHANICAL  SHOCK 

In  view  of  the  fact  that  no  accepted  test  was  available  by  which 
decrepitation  could  be  quantitatively  determined,  it  was  necessary 
to  develop  such  a  test.  Since  the  objective  was  to  determine  the 
stability  of  anthracites  when  subjected  to  the  conditions  experi¬ 
enced  in  a  water-gas  generator,  the  test  herein  described  simulates 
as  closely  as  possible  these  conditions. 

A  critical  examination  of  the  modern  water-gas  process  showed 
that  the  coal  in  a  water-gas  generator  is  subjected  to  substantially 
the  following  treatment:  Cold  coal  is  charged  suddenly  into  a  hot 
generator,  the  exposed  walls  of  which  are  at  a  temperature  in  the 
vicinity  of  1600°  F,  and  falls  a  distance  of  4  to  8  feet  onto  a  bed  of 
coal,  the  upper  surface  of  which  is  at  a  temperature  of  approxi¬ 
mately  1400°  F.  The  machine  then  operates  with  alternate  “blow” 
and  “make”  periods  for  about  one  hour  before  refueling.  During 
this  period  the  coal  last  charged  is  exposed  to  contact  with  hot 
reducing  gases  and  attains  a  temperature  of  about  1400°  F  by  the 
end  of  the  last  blasting  period  before  refueling.  During  this  opera¬ 
tion  moisture  and  varying  amounts  of  volatile  matter  are  eliminat¬ 
ed  with  accompanying  stresses  due  to  the  physical  and  chemical 
changes  involved;  differential  expansion  caused  by  the  large  ther¬ 
mal  gradient  throughout  each  lump  of  coal  and  mineral  matter 
produce  added  stresses.  This  entire  combination  of  stresses  con¬ 
tributes  toward  the  breakdown  of  size  structure  that  has  been 
called  thermal  decrepitation.  At  the  end  of  the  coaling  to  coaling 
period  a  fresh  charge  of  cold  coal  is  dropped  on  top  of  this  ther¬ 
mally  decrepitated  coal  and  subjects  it  to  a  mechanical  stress 
which,  if  the  thermally  treated  coal  has  been  badly  weakened,  may 
result  in  severe  size  degradation. 

Laboratory  Procedure 

The  raw  coals  as  received  from  the  collieries  are  carefully  sized 
in  the  laboratory  to  5"  x  4",  4"  x  3",  and  3"  x  2"  using  square-hole 
screens  and  these  fractions,  used  for  subsequent  tests  on  thermal 
and  mechanical  stability,  are  designated  throughout  this  paper  as 
grate,  broken,  and  egg.  Although  this  square-hole  sizing  does  not 
duplicate  exactly  the  Anthracite  Institute  round-hole  screen  stand¬ 
ards  of  6i"  x  5",  5"  x  3f",  and  3f"  x  2^"  for  grate,  broken,  and  egg 
coal,  nevertheless,  between  70  and  90  per  cent  of  each  of  the  coals 
received  fell  into  the  size  classification  adopted  for  this  investiga¬ 
tion.  Square-hole  rather  than  the  standard  round-hole  screens  were 
selected  because  water-gas  fuels  are  generally  sized  on  the  square- 
hole  series. 
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Two  25-pound  charges  of  sized  coal  are  placed  in  mesh  baskets 
and  each  basket  placed  in  a  pot  furnace  which  has  previously  at¬ 
tained  an  equilibrium  temperature  of  1600°  F  as  measured  by  a 
thermocouple  placed  at  the  center  of  the  furnace.  The  charge  is 
then  blasted  with  hot  reducing  gases  for  one  hour  at  the  end  of 
which  period  the  thermocouple  at  the  center  of  the  charge  records 
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Detail  of  Decrepitation  Furnace  Showing  Basket  with  Charge 

a  temperature  of  approximately  1400°  F.  The  baskets  are  then 
removed  and  dry  quenched.  When  cool,  the  coal  is  carefully  re¬ 
moved  from  the  baskets  and  screened  to  determine  the  decrepita¬ 
tion  resulting  solely  from  thermal  shock.  The  entire  thermally 
treated  charges  from  both  baskets  are  then  combined  and  drop- 
shattered  according  to  the  standard  A.S.T.M.  drop-shatter  pro¬ 
cedure2  using  two  6-foot  drops.  The  material  is  screened  after  a 
single  drop  and  again  after  a  double  drop  to  determine  the  degrada¬ 
tion  resulting  from  varying  degrees  of  mechanical  shock. 
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Fifty-pound  charges  of  original  coal  are  drop-shattered  by  the 
same  A.S.T.M.  drop-shatter  procedure,  and  screened,  to  determine 
stability  of  the  coal  to  mechanical  shock  only. 

Apparatus 

A  brief  description  of  the  apparatus  used  in  the  decrepitation 
test  appears  in  the  following  paragraphs. 

Furnace. — A  diagramatic  sketch  of  the  general  furnace  assembly 
is  shown  in  Fig.  1,  and  in  Fig.  2  is  shown  a  cross  section  of  the 
furnace  and  coal  charge.  The  furnace  consists  of  a  55-gallon  oil 
drum  with  top  removed,  the  inside  of  which  is  lined  with  a  3|-inch 
layer  of  B.  &  W.  No.  28  insulating  fire  brick  plus  a  14-inch  layer  of 
alundum  cement.  The  furnace  is  closed  by  means  of  a  3-inch  built- 
up  refractory  top  fitted  with  ports  for  discharge  of  exhaust  gases. 
Three  gas  burners  fired  with  525  Btu  carbureted  water-gas  ar¬ 
ranged  as  shown  supply  the  necessary  heat  and  by  firing  with  a 
deficiency  of  air  gave  a  satisfactory  reducing  atmosphere  in  the 
furnace. 

Baskets. — The  baskets  are  fabricated  from  2-mesh,  8-gauge  iron 
wire  screen  bent  into  the  form  of  a  cylinder  11  inches  in  diameter 
and  20  inches  high  closed  at  the  base  with  a  screen  of  the  same 
material. 

Drop- Shatter  Apparatus. — The  drop-shatter  apparatus  i  s  the 
standard  equipment  described  in  “A.S.T.M.  Standards  on  Coal  & 
Coke.”1'  2 

Screens. — U.  S.  standard  square-mesh  screens  were  used  and 
consisted  of  the  following  sizes:  5",  4",  3",  2",  14",  1",  4", 

|",  and  No.  4  mesh. 

Temperature  Measurement. — Temperatures  are  determined  with 
a  shielded  chromel-alumel  18-gauge  thermocouple  and  portable 

potentiometer.  .  T  .  . 

Coals  Investigated 

Anthracites  from  all  the  major  anthracite  fields  and  from  most 
of  the  mining  districts  of  these  fields  have  been  investigated  and 
are  listed  together  with  proximate  analyses  in  Table  1.  Except 
where  specifically  stated  to  the  contrary,  samples  were  of  freshly 
secured  coal  which  were  subjected  to  test  within  a  week  or  so  of 
receipt.  In  three  instances,  two  coals  were  investigated  from  the 
same  mining  districts  because  of  reported  differences  in  the  char¬ 
acter  of  the  coal.  Only  three  sizes  of  coal  were  investigated — grate, 
broken,  and  egg — because  these  are  the  sizes  now  supplied  for 
water-gas  manufacture.  Where  possible  all  three  sizes  were  se¬ 
cured  from  the  same  colliery,  but  in  several  cases  nothing  larger 
than  egg  was  being  produced.  Also  included  in  Table  1  are  proxi¬ 
mate  analyses  of  the  coals  after  subjection  to  the  thermal  treatment 
described  in  the  test  procedure.  Analyses  were  obtained  in  the  case 
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of  both  the  original  and  thermally  treated  coals  by  grinding  the 
entire  50-pound  sample  used  for  test  and  quartering  according  to 
accepted  A.  S.  T.  M.  sample  methods.  All  analyses  were  made  ac¬ 
cording  to  accepted  A.S.T.M.  procedures. 

Presentation  of  Data  on  Size  Stability 

Screen  analyses  data  for  drop-shatter  of  the  original  coal  for  the 
thermally  treated  coal  and  for  drop-shatter  of  the  thermally 
treated  coal  are  shown  in  Table  2.  Data  were  not  secured  in  all 
cases  for  screen  analyses  after  a  single  drop  of  the  thermally 
treated  coal,  but  sufficient  data  are  presented  to  indicate  the  re¬ 
lationship  existing  between  the  single  and  double  drops.  Photo¬ 
graphs  of  a  few  of  the  actual  samples  are  shown  in  Figs.  3,  4,  and  5 
for  original  drop  shatter,  A;  thermal  treatment,  B;  and  double 
drop-shatter  of  the  thermally  treated  coal,  C.  In  Table  3  are  pre¬ 
sented  data  for  screen  analyses  on  original  coals  subjected  to  four 
successive  drops  in  order  that  a  comparison  may  be  made  between 
published  data  on  size  stability  of  coke  and  typical  data  for  an¬ 
thracite. 

Three  factors  relating  to  the  size  stability  of  a  coal  are  of  im¬ 
portance  in  a  generator  fuel,  namely,  stability  toward  handling  of 
the  original  coal,  stability  toward  thermal  shock,  and  mechanical 
stability  of  the  thermally  treated  coal. 

Examination  of  the  photographs  shown  in  Fig.  3,  4,  and  5  shows 
the  actual  number  of  pieces  of  coal  which  survive  each  type  of 
treatment  without  size  degradation.  The  same  data  on  a  weight 
percentage  basis  are  shown  in  Table  2.  Considerable  variations 
were  found  among  the  coal  in  the  number  of  original  pieces  in  a 
50-pound  charge:  for  the  grate  size  the  number  varied  between 
11  and  20,  for  broken  between  32  and  41,  and  for  egg  between  54 
and  112  pieces.  As  will  be  shown  later,  these  variations  are  of  some 
significance  in  water-gas  operation,  but  other  factors  are  generally 
of  more  consequence. 

The  data  and  pictures  for  the  A  treatment  illustrate  only  the 
relative  stability  of  the  various  samples  toward  mechanical  shock 
when  subjected  to  identical  treatments  and  must  not  be  inter¬ 
preted  as  indicating  specifically  the  amount  of  breakage  these  coals 
will  undergo  at  any  given  plant  because  the  handling  treatment 
varies  so  markedly  from  plant  to  plant.  They  are,  however,  indica¬ 
tive  of  the  degradation  possible  when  extremely  severe  handling 
occurs. 

The  data  and  pictures  for  B  treatment  show  the  distribution 
of  sizes  resulting  solely  from  thermal  treatment  as  outlined  in  the 
standard  procedure.  For  up-run  and  back-run  sets,  the  thermal 
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treatment  to  which  the  coal  is  subjected  is  substantially  the  same 
as  outlined  in  the  standard  procedure.  In  down-run  sets  the  coal 
is  subjected  to  an  added  thermal  shock  once  each  cycle  due  to  intro¬ 
duction  of  steam  at  about  250°  F.  Where  reforming  is  employed  an 
added  thermal  shock  due  to  introduction  of  oil  into  the  generator 
at  250°  to  300°  F  occurs  once  each  cycle,  and  in  a  few  plants,  using 
marginal  blast  in  conjunction  with  heavy  oil  operation,  higher  gen¬ 
erator  temperatures  are  to  be  expected.  Thus,  it  may  be  said  that 
the  standard  procedure  subjects  the  coal  to  substantially  the  heat 
treatment  found  in  most  generators,  but  somewhat  less  severe  than 
found  in  the  special  cases.  It  may  be  said  of  the  B  pictures,  there¬ 
fore,  that  they  illustrate  the  minimum  amount  of  decrepitation 
that  is  to  be  expected  with  the  various  coals  under  the  most  favor¬ 
able  possible  conditions  of  thermal  and  mechanical  treatment. 

The  data  and  pictures  for  C  treatment  illustrate  the  total  break¬ 
down  of  the  various  coals  resulting  from  thermal  shock  followed 
by  the  mechanical  shock  of  the  drop-shatter  test  previously  de¬ 
scribed;  the  pictures  show  the  results  of  the  double  drop.  Since  no 
two  plants  employ  identical  charging  methods,  the  degree  of  mech¬ 
anical  shock  to  which  the  thermally  treated  coals  are  subjected 
varies  considerably  from  plant  to  plant.  These  C  pictures  illus¬ 
trate  what  might  be  expected  under  about  the  worst  conditions 
that  could  be — and  have  been — encountered.  For  the  majority  of 
plants,  however,  the  mechanical  shock  is  considerably  less  than 
that  producing  the  C  fractions  and  the  overall  breakdown  of  the 
coal  will  fall  at  some  point  between  the  results  illustrated  for  B 

anc^  C-  Interpretation  of  Data 

Having  determined  the  amount  of  breakdown  that  may  be  ex¬ 
pected  for  a  variety  of  coals  as  a  result  of  thermal  and  mechanical 
shock,  the  problem  then  arises  as  to  the  effect  the  breakdown  will 
have  upon  water-gas  operation.  One  coal  has  been  found  in  which 
every  piece  of  grate-size  coal  decrepitated  as  a  result  of  thermal 
treatment,  largely  into  egg,  nut,  and  pea,  with  but  a  small  per¬ 
centage  of  buckwheat  No.  4,  while  another  coal  in  which  only  a 
few  lumps  broke  up  appreciably  gave  a  relatively  large  (7  per  cent) 
amount  of  buckwheat  No.  4.  Which  of  these  coals  is  more  suitable 
for  water-gas  operations? 

Several  possible  methods  of  evaluating  the  results  of  these  tests 
have  been  considered,  and  it  was  finally  decided  that  some  method 
should  be  used  which  would  serve  as  an  indication  of  relative  be¬ 
havior  in  a  water-gas  generator.  For  this  purpose  resistance  of  the 
fuel  bed  and  quantity  of  potential  blown-over  fuel  are  of  greatest 
importance,  and  the  data  have,  therefore,  been  evaluated  on  this 
basis. 
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Furnas8  in  a  comprehensive  treatise  on  the  flow  of  fluids  through 
broken  solids  has  shown  that  the  variables  affecting  pressure  drop 
are:  (1)  size  composition  of  a  bed  of  mixed  sizes,  (2)  shape  of  par¬ 
ticles,  (3)  degree  of  packing,  (4)  size  of  container,  (5)  rate  of  gas 
flow,  (6)  density  of  the  gas,  (7)  viscosity  of  the  gas,  and  (8)  molecular 
weight  of  the  gas.  As  a  means  of  comparing  coals,  however,  it  is 
possible  to  eliminate  a  number  of  these  variables  since  it  is  relative 
rather  than  absolute  values  that  are  of  interest.  Thus,  for  normal 
water-gas  operation  the  rate  of  air  flow  is  substantially  the  same 
for  all  plants  operating  at  or  near  capacity,  (197  cubic  feet  per  min¬ 
ute  per  square  foot  of  grate  area,  based  on  generator  air  volumes 
and  grate  areas,  shown  in  Bulletin  42,  Steere  Engineering  Com¬ 
pany);  the  density,  viscosity,  and  molecular  weight  of  gas,  although 
changing  markedly  at  different  parts  of  the  cycle  and  varying 
throughout  the  generator,  can  for  purposes  of  comparison  be  as¬ 
sumed  constant  since  they  will  vary  in  substantially  the  same  man¬ 
ner  for  each  coal;  the  size  of  the  container  can  be  eliminated  by 
making  all  calculations  on  the  basis  of  a  container  with  infinite 
diameter  and  correcting  later  for  the  specific  generator  for  which 
the  data  are  desired.  Thus,  for  comparative  purposes  the  variables 
can  be  reduced  to  the  size  composition  of  the  coal  in  the  fuel  bed, 
and  as  data  are  available  in  the  literature  for  the  unit  pressure  drop 
through  beds  of  different  sizes  of  anthracite,  the  calculations  are 
relatively  simple. 

In  order  to  determine  the  size  limits  of  blown-over  fuel,  samples 
were  secured  from  a  number  of  water-gas  plants  now  using  anthra¬ 
cite.  Data  for  screen  analyses  of  these  samples  are  shown  in  Table  4, 
together  with  blast  rates  employed.  There  appears  to  be  a  consider¬ 
able  variation  between  plants  in  the  size  distribution  of  recovered 
blown-over  fuel  and  this  may  be  attributed  largely  to  variations 
in  the  efficiency  of  the  dust  catcher  and  to  variations  in  the  method 
■of  operation  of  the  sets.  It  appears  probable  from  these  data  that 
the  upper-size  limit  of  true  blown-over  fuel  is  somewhere  between 
3  and  8  mesh.  Were  all  the  plants  operating  at  the  standard  rate 
of  197  cubic  feet  per  minute  per  square  foot  grate  area,  it  is  probable 
the  data  would  indicate  an  upper  limit  of  about  4  mesh. 

Furnas8  has  shown  that  for  iron  ores,  particles  smaller  than  14 
mesh  may  be  blown  from  the  bed  at  blast  velocities  of  197  cubic 
feet  per  minute  per  square  foot  of  grate  area.  At  a  given  velocity, 
however,  the  lifting  of  particles  will  be  roughly  proportional  to 
their  density  so  that  for  anthracite  the  limiting  size  of  particles 
lifted  should  be  approximately  6  mesh. 


“Furnas,  C.  C.,  U.  S.  Bureau  of  Mines  Bull.  207  (1929). 
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On  the  basis  of  these  two  independent  sets  of  data,  therefore,  it 
appears  reasonable  to  assume  that  all  material  below  4  mesh  in 
size  may  be  considered  as  potential  blown-over  fuel. 

Values  for  APX,  the  pressure  drop  in  inches  of  water  per  foot 
height  of  coal  column  for  a  container  of  infinite  diameter,  have 
been  calculated  with  the  aid  of  data  published  by  Furnas.  The 
results  of  these  calculations  are  presented  in  Table  5  and  are  based 
upon  a  rate  of  197  cubic  feet  at  standard  conditions  per  minute  per 
square  foot  of  grate  area.  This  table  also  shows  the  percentage  of 
minus  4  mesh  material  resulting  from  the  various  treatments.  Were 
no  size  degradation  to  occur  the  values  of  APZ  for  grate,  broken, 
and  egg  sizes  would  be  0.40,  0.54  and  0.72  respectively. 

An  examination  of  Table  5  shows  that  the  pressure  drop  increase 
resulting  from  mechanical  shock  alone  ranges  from  about  20  to  80 
per  cent  and  is  greater  in  all  cases  the  larger  the  initial  coal  size. 
Increase  in  pressure  drop  resulting  from  thermal  shock  alone  shows 
an  even  wider  distribution  and  varies  from  2  to  170  per  cent.  In 
general,  it  is  again  true  that  for  a  given  coal  the  greater  increase 
occurs  the  larger  the  initial  size,  but  the  effect  of  initial  size  does 
not  appear  to  be  a  controlling  factor.  The  effect  of  indoor  storage 
upon  the  resistance  to  thermal  shock  does  not  appear  to  follow  any 
definite  trend;  in  a  few  cases  the  increase  in  pressure  drop  is  appre¬ 
ciable,  in  others,  negligible.  To  secure  conclusive  data  on  this  point, 
many  more  samples  would  have  to  be  investigated  and  a  more  care¬ 
ful  control  placed  upon  initial  and  final  moisture  content,  condi¬ 
tions  of  storage,  and  the  selection  of  coals. 

Although  data  were  secured  on  single  drop-shatter  tests  of  the 
thermally  treated  coal  for  only  about  half  the  experiments,  these 
data  are  sufficient  to  show  that  appreciable  weakening  of  structure 
has  occurred.  The  increase  in  pressure  drop  varies  from  70  to  340 
per  cent.  For  the  double-drop  experiments,  the  increase  varies  from 
80  to  over  400  per  cent  showing  the  very  wide  spread  in  the  proper¬ 
ties  of  the  thermally  treated  coals. 

The  relationship  between  time  of  heating  and  calculated  pressure 
drop  is  shown  for  one  coal  in  Fig.  6.  It  will  be  noted  that  while  the 
decrepitation  due  solely  to  thermal  shock,  B  curve,  appears  to 
be  a  straight-line  function  of  the  time  of  heating,  the  major  weak¬ 
ening  of  the  structure  actually  occurs  during  the  first  few  minutes 
of  treatment.  This  is  proved  by  the  C'  and  C"  curves  for  single  and 
double  drop-shatter  of  the  thermally  treated  coal.  After  this  initial 
weakening,  however,  increase  in  pressure  drop  again  becomes  sub¬ 
stantially  a  straight-line  relationship  with  time  of  heating.  These 
results  suggest  that  some  preliminary  treatment  could  be  given 
the  anthracite  which  might  overcome  a  major  portion  of  the  weak- 
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Relationship  between  Calculated  Pressure  Drop  and  Time  of 
Heating  for  a  Sample  of  Grate-Size  Anthracite 


ening  of  the  structure.  Possibilities  along  these  lines  are  being 
investigated. 

As  previously  stated,  the  rated  air  velocities  assumed  in  these 
calculations  for  pressure  drop  and  blown-over  fuel  are  such  that 
minus  4  mesh  material  is  potential  blown-over  fuel,  hence  this 
minus  4  mesh  material  does  not  enter  into  the  calculations  for  pres¬ 
sure  drop.  For  water-gas  sets  operating  below  the  rated  blast  velo¬ 
cities,  the  size  of  fuel  blown  from  the  bed  should  be  smaller  and 
the  percentage  less  than  the  figures  shown  in  Table  5,  but  because 
the  percentage  of  blown-over  material  is  relatively  small,  this  will 
not  affect  the  size  composition  of  the  bed  appreciably. 

The  relationship  between  rate  of  gas  flow  and  pressure  drop 
through  a  bed  of  broken  solids  is  expressed  by  the  following  equa¬ 
tion:  B 


AP  =  AR 

where  AP  =  pressure  drop  at  desired  conditions 
A  =  pressure  drop  at  standard  conditions 
R  =  rate  of  gas  flow 

B  =  constant  for  system,  and  usually  varies  between  1 
and  2. 


From  this  relationship  it  can  be  roughly  estimated  that  if  the  blast 
velocity  is  only  50  per  cent  of  normal  rating,  the  pressure  drop  will 
be  appreciably  less  than  one-half  of  the  figures  shown  in  Table  5. 
Similarly,  if  the  blast  velocity  is  in  excess  of  normal  rating,  the 
pressure  drops  will  be  appreciably  higher. 

Percentages  of  blown-over  fuel  recovered  in  actual  water-gas 
operations  are  shown  in  Table  4  for  a  few  plants.  It  will  be  noted 
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that  these  figures  are,  in  general,  considerably  lower  than  the 
values  for  potential  blown-over  fuel  shown  in  Table  5.  This  is 
readily  understandable  when  one  considers  the  nature  of  the  pro¬ 
cess.  Although  all  material  below  4  mesh  in  size  may  be  lifted  from 
the  bed,  a  portion  of  the  smaller  material  is  consumed  by  com¬ 
bustion  before  it  has  an  opportunity  to  escape  from  the  generator 
and  the  amount  so  consumed  will  be  proportionately  larger  the 
smaller  the  size  of  the  material.  Furthermore,  the  very  fine  sizes 
will  not  be  removed  by  the  angle-connection  dust  catcher  common¬ 
ly  used  on  water-gas  machines  so  that  the  percentage  of  recovered 
material  is  progressively  less  the  smaller  the  size.  These  conclu¬ 
sions  are  in  agreement  with  the  screen  analyses  of  the  blown-over 
fuel  from  the  various  plants  which  show  a  maximum  concentration 
at  a  size  in  the  vicinity  of  16  mesh. 

From  the  data  thus  far  secured,  there  appears  to  be  no  advantage 
to  be  gained  by  preparing  sizes  larger  than  broken  for  the  water- 
gas  market  because,  of  the  larger  sizes  tested,  all  decrepitated  more 
severely  than  did  broken  and  egg  to  produce  in  the  generator  sub¬ 
stantially  the  same  pressure  drop  through  the  bed.  It  is  possible, 
however,  that  a  few  of  the  more  resistant  coals  which  were  not 
available  for  test  in  grate  size  should  be  tested  for  possible  use  in 
very  large  water-gas  sets.  This,  however,  would  be  of  interest  only 
if  the  particular  collieries  were  equipped  to  produce  that  size  and 
had  the  opportunity  of  marketing  the  coal  to  a  gas  company  oper¬ 
ating  large  water-gas  sets. 

The  foregoing  experiments  and  discussion  have  been  based  upon 
the  premise  that  the  original  coal  is  of  uniform  size  when  entering 
the  water-gas  generator.  Unfortunately,  such  is  not  the  case  in 
many  instances  where  handling  of  the  coal  prior  to  charging  pro¬ 
duces  size  degradation.  Since  it  would  be  undesirable  to  determine 
complete  decrepitation  data  on  all  the  numerous  combinations  of 
size  distribution  resulting  from  various  handling  treatments,  this 
matter  has  been  given  theoretical  consideration.  It  has  been  found 
that  reasonably  accurate  predictions  can  be  made  of  both  fuel-bed 
resistance  and  blown-over  fuel  from  decrepitation  data  on  standard 
sizes  of  fuel  and  size-distribution  of  the  coal  in  question.  The 
method  used  involves  only  the  correction  of  the  decrepitation  data 
for  the  percentage  of  other  sizes  originally  present.  This  method 
gives  satisfactory  results  because,  in  general,  the  amount  of  de¬ 
crepitation  decreases  as  the  size  of  coal  particles  decreases,  so  that 
neglecting  decrepitation  of  sizes  below  egg  does  not  introduce  an 
appreciable  error. 

The  analyses  reported  in  Table  1  for  thermally  treated  coal  show 
moisture  contents  of  0.4  to  2.0  per  cent  and  volatile  matter  contents 
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of  2.0  to  3.9  per  cent.  In  view  of  the  fact  that  these  samples  had  all 
been  subjected  to  a  heat  treatment  at  1400-1500  F,  the  result  was 
unexpected.  The  moisture  content  could  be  readily  accounted  for 
by  adsorption  during  dry  quenching,  grinding,  and  sampling  for 
analysis,  but  it  appeared  improbable  that  volatile  matter  could  be 
accounted  for  in  such  a  manner.  An  experiment  was  performed, 
therefore,  to  determine  whether  all  the  volatile  matter  could  be 
eliminated  by  heating  to  1400°  F  in  the  manner  employed  for  the 
thermal  treatment.  The  procedure  used  was  as  follows: 

A  one-gram  sample  of  minus  60  mesh  coal  was  placed  in  a  stand¬ 
ard  covered  platinum  volatile-matter  crucible  and  heated  to  1400°  F 
in  the  standard  volatile-matter  furnace  at  the  heating  rate  for  de¬ 
crepitation  tests.  Loss  in  volatile  matter  was  determined  in  the 
usual  manner  and  the  same  sample  was  then  subjected  to  the 
standard  volatile-matter  determination  at  1720°  F.  Results  of  these 
tests  are  shown  in  Table  6  for  one  coal  from  each  of  the  four  major 
fields,  together  with  the  results  of  standard  A.S.T.M.  moisture  and 
volatile-matter  results  on  the  same  samples. 

Table  6 

Per  cent  Per  cent  Total 

Per  cent  Per  cent  Additional  Per  cent  Vol.  Matter 
Water  Vol.  Matter  Vol.  Matter  Total  A.S.T.M. 


Coal 

A.S.T.M. 

at  1400°  F. 

at  1720°  F. 

Vol.  Matter 

at  1720 

3A 

3.5 

2.0 

1.8 

3.8 

3.3 

14A 

2.6 

3.4 

2.1 

5.5 

5.4 

16A 

2.3 

3.7 

1.8 

5.5 

5.3 

24A 

0.9 

6.1 

2.7 

8.8 

8.0 

These  data  indicate  that  heating  at  1400°  F,  even  for  the  pro¬ 
longed  times  employed,  removes  only  60  to  80  per  cent  of  the 
volatile  matter  that  is  obtained  by  the  standard  A.S.T.M.  pro¬ 
cedure.  Furthermore,  it  should  be  noted  that  in  all  cases  the 
combination  of  prolonged  heating  followed  by  standard  volatile 
determination  gave  a  higher  total  volatile  content. 

CORRELATION  WITH  PLANT-SCALE  TESTS 

In  the  preceding  sections,  data  have  been  presented  to  show  the 
pressure  drops  that  would  result  from  the  passage  of  air,  at  a 
velocity  of  197  cubic  feet  per  minute  at  standard  conditions  per 
square  foot  of  grate  area,  through  beds  of  anthracite  having  the 
size  distribution  found  after  various  treatments  of  the  coal.  These 
calculated  data  are  directly  applicable  for  comparison  of  different 
coals  as  to  their  suitability  for  processes  involving  deep  fuel  beds, 
but  it  must  be  borne  in  mind  that  they  are  not  directly  applicable 
to  calculation  of  absolute  pressure  drops  through  fuel  beds  in  which 
combustion  is  taking  place. 
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Fig.  7 

Diagrammatic  Cross-Section  View  of  Water-Gas  Generator 
Showing  Size  Composition  of  Fuel  Bed  and 
Dish-Shape  Clinker 

As  can  be  seen  from  a  study  of  Fig.  7,  the  size  composition  of 
the  fuel  in  such  a  bed  will  vary  from  top  to  bottom,  and  the  fuel 
itself  is  supported  on  an  ash  or  clinker  layer.  Temperatures 
throughout  the  bed  will,  of  course,  vary  over  wide  limits  from 
substantially  room  temperature  below  the  grate  to  almost  3000°  F 
at  the  zone  of  intense  combustion  just  above  the  clinker.  Thus,  it 
is  apparent  that  for  a  calculation  of  theoretical  pressure  drops 
through  the  entire  bed  all  of  the  factors  enumerated  in  the  previ¬ 
ous  section  must  be  considered,  i.e.,  size  composition  of  bed,  shape 
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of  particles,  degree  of  packing,  size  of  container,  rate  of  gas  flow 
and  density  viscosity  and  molecular  weight  of  the  gas. 

During  the  course  of  plant-scale  tests,  it  has  been  possible  to 
secure  all  the  necessary  data  whereby  calculations  of  overall  pres¬ 
sure  drops  throughout  the  entire  bed  can  be  made  and  compared 
with  experimental  values.  In  order  to  facilitate  these  calculations, 
certain  assumptions  have  been  made  which  are  substantiated  by 
experimental  data  secured  during  the  tests  or  by  published  data 
available  in  the  technical  literature.  Thus,  it  has  been  assumed 
that  the  temperature  throughout  the  active  combustion  zone  is 
approximately  2850°  F  and  that  this  zone  is  approximately  18  inches 
deep  and  immediately  above  the  clinker  level.  The  size  of  the  fuel 
at  this  point  was  determined  by  actual  screen  analysis  of  a  100- 
pound  dry-quenched  sample  and  is  shown  in  Table  7. 

Table  7 

Size  Composition  of  a  100-Pound  Sample  of  Fuel  Immediately  Above 

Clinker  Level 


Size  (Inches) 
Square-Hole  Screens 

Size  (Inches) 
Round-Hole  Equivalent 

Percentage 

4  x3 

5  x3I 

1 

3  x2 

3aX2i 

7 

2  xlg 

2ixlg 

8 

Uxl 

llxll 

20 

1  x  f 

lixif 

17 

3  v  1 

15v  5 

16a  8 

18 

1  v  3 

2-*-  8 

5  TT  1 

8-*-  2 

9 

§-x4  mesh 

Jx  i 

9 

Minus  4  mesh 

Minus  1- 

11 

The  temperature  of  the  bed  above  this  zone  at  the  end  of  the  blast 
period  in  the  cycle  immediately  preceding  a  fresh  charge  is  as¬ 
sumed  to  decrease  progressively  to  about  1800°  F  immediately 
below  the  layer  of  fuel  last  charged,  and  the  temperature  of  this 
last  charged  fuel  is  by  experimental  measurement  approximately 
1475°  F.  The  size  composition  of  the  fuel  last  charged  will  be  sub¬ 
stantially  that  of  the  original  coal  unless  appreciable  decrepitation 
occurs.  That  of  the  layer  beneath  it  will  be  approximately  equival¬ 
ent  to  thermally  treated  coal  subjected  to  a  single  drop-shatter 
and  the  next  layer  immediately  beneath  this  will  have  a  size  com¬ 
position  equivalent  to  thermally  treated  coal  subjected  to  a  double 
drop-shatter.  The  remaining  portion  of  the  bed  should  not  be 
affected  appreciably  by  introduction  of  fresh  charges  and  should 
vary  in  size  from  that  of  double  drop-shattered  coal  to  that  found 
in  the  active  combustion  zone. 

Experimental  determinations  of  the  overall  pressure  drop 
through  the  bed  have  been  made  immediately  preceding  and  after 
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removal  of  clinker  for  a  large  number  of  clinkering  cycles.  For  the 
particular  conditions  of  this  test,  the  data  show  a  clinker  resistance 
equal  to  6  inches  pressure  drop  per  foot  of  clinker  depth.  This  value 
will,  of  course,  vary  with  the  coal  and  the  conditions  of  operation, 
but  is  substantially  correct  for  the  particular  test  being  considered. 

Likewise,  experimental  determination  of  pressure  drop  increase 
due  to  the  addition  of  a  fresh  charge  has  been  made  over  a  great 
many  charging  cycles.  This  increase  is  the  result  of  two  factors: 
resistance  of  the  new  coal  itself  and  that  due  to  the  decrepitation 
of  thermally  weakened  coal  already  present  in  the  generator.  In 
Table  8  are  shown  data  for  calculated  values  of  AP*  and  AP  de¬ 
termined  from  laboratory  studies  on  decrepitation,  and  experi¬ 
mentally  determined  values  of  AP  obtained  for  averages  of  plant 
test  data. 


Table  3 

Calculaied  and  Determined  Pressure  Drops 
Inches  of  Wafer  Pressure  per  Foot  of  Bed  Depth 


APM 

APd) 

Laboratory  Determination*2) 

Coal  as  Charged 

0.7 

0.6 

Thermally  Treated  Coal 

0.8 

0.7 

Thermally  Treated  Coal,  Single  Drop-Shatter 

1.4 

1.3 

Thermally  Treated  Coal,  Double  Drop-Shatter 

1.6 

1.5 

Plant  Tests 

Total  Pressure  Drop  Increase 

1.2 

Increase  Due  to  Added  Coal*3) 

0.5 

Increase  Due  to  Decrepitation 

0.7 

(1)  AP=  (APco)  (f) 


where  f  is  the  factor  for  wall  effect  determined  from  the  ratio  between  the  diameters 
of  particles  and  container. 

(2)  Uncorrected  for  temperature  of  the  gas.  Corrections  would  reduce  all  valves  by 
approximately  0.1. 

(3)  The  increase  due  solely  to  added  coal  was  determined  as  indicated  in  Table  9. 


Based  upon  the  foregoing  data  and  assumptions,  the  following 
calculations  have  been  made  for  the  various  pressure  drops 
throughout  a  generator  fuel  bed.  These  calculations  are  based 
upon  data  for  the  twenty-third  run  of  a  day’s  operation  when  con¬ 
ditions  in  the  generator  were  believed  to  be  substantially  stable. 
Actual  pressure  drop  through  the  generator,  corrected  to  the  stand¬ 
ard  blast  rate,  averaged  over  a  large  number  of  tests  for  the  twenty- 
third  run,  showed  a  drop  of  16.3  inches.  The  calculated  pressure 
drop  and  the  data  upon  which  the  value  was  obtained  are  shown 
in  Table  9  and  amounts  to  15.7  inches.  Although  data  have  been 
reported  to  the  nearest  one-tenth  for  average  values,  actual  deter¬ 
minations  in  plant  operation  are  made  to  only  the  nearest  0.5  inch 
and  it  is  questionable  whether  any  of  the  data  are  more  accurate 
than  this. 
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SUMMARY 

A  laboratory  method  is  described  in  detail  whereby  the  size 
stability  of  anthracite  which  has  been  subjected  to  thermal  and 
mechanical  shock  can  be  determined.  The  conditions  of  shock 
chosen  for  this  test  simulate  closely  those  experienced  by  water- 
gas  generator  fuel.  Detailed  data  are  shown  for  the  size  composi¬ 
tion  of  a  variety  of  grate,  broken,  and  egg-size  anthracites  after 
varying  shock  treatments. 

Data  are  shown  for  the  effect  of  from  one  to  four  drops  in  the 
standard  drop-shatter  test  for  comparison  with  size  stability  data 
on  coke.  Curves  are  also  shown  which  indicate  the  effect  of  time  of 
heating  upon  the  size  stability  and  ability  of  the  coal  to  withstand 
subsequent  mechanical  shock. 

For  purposes  of  application  to  deep  fuel  beds,  the  data  have  been 
calculated  to  indicate  relative  fuel-bed  resistance  and  amount  of 
potential  blown-over  fuel  for  blast  rates  normally  experienced  in 
water-gas  generators.  Data  are  shown  for  size  composition  and 
amount  of  blown-over  fuel  obtained  in  a  number  of  water-gas 
plants  using  anthracite,  and  reasons  presented  to  show  why  only 
a  small  percentage  of  potential  blown-over  fuel  is  actually  re¬ 
covered  as  such  in  plant  practice. 

Calculated  and  experimental  data  for  increase  in  pressure  drop 
through  a  water-gas  generator  resulting  from  decrepitation  of  the 
coal  as  presented,  and  show  excellent  agreement.  The  experi¬ 
mentally  determined  values  agree  closely  with  the  results  for 
single  drop-shatter  by  laboratory  test  methods. 

Calculated  and  experimental  data  for  overall  pressure  drop 
through  a  water-gas  generator  are  presented  and  show  substan¬ 
tial  agreement,  a  further  indication  that  the  results  of  laboratory 
test  are  indicative  of  actual  plant  results. 

It  is  apparent  from  the  data  presented  that  decrepitation  due  to 
thermal  and  mechanical  shock  combined  is  not  in  most  instances  a 
serious  factor  in  water-gas  sets  operating  under  normal  conditions. 
Clinker  resistance  appeared  to  be  a  much  more  important  factor 
in  influencing  overall  resistance.  For  the  majority  of  plants  which 
now  operate  at  blast  rates  equal  to  or  lower  than  the  rated  normal 
of  197  cubic  feet  per  minute  per  square  foot  of  grate  area,  the 
majority  of  the  anthracite  tested  would  give  little  or  no  trouble 
from  decrepitation. 

Where  conditions  of  operation  of  a  water-gas  set  are  such  that 
they  differ  markedly  from  those  of  the  standard  laboratory  pro¬ 
cedure,  as  for  example  where  marginal  blast  is  employed  with 
subsequent  higher  temperatures  at  the  top  of  the  generator,  the 
thermal  shock  treatment  could  be  modified  to  suit  the  desired 
conditions.  Experimental  data  indicate,  however,  that  the  relative 
stability  of  the  various  coals  is  not  materially  changed  by  changes 
in  conditions  of  treatment  although  absolute  values  will,  of  course, 
change. 
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